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Radiation Environment at Europa
Radiation was identified as a priority risk to the successful development of a deorbit stage and solid 
rocket motor (SRM) early in the Europa Lander De-orbit Stage project. The trapped radiation at 
Jupiter and Europa present the most intense planetary source of radiation in the solar system, 
primarily from high energy electrons and protons. Ionizing radiation is known to cause significant 
changes to mechanical properties of many materials, especially polymers. 
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Pathfinder-1 aimed to irradiate typical 
SRM materials and components 
ingredients and perform a set of post 
radiation tests to compare material 
properties of irradiated and non-
irradiated samples of each material. 
Materials tested include O-ring Viton 
V75, SF NBR, SF EPDM, liner, HTPB 
Binder with 18% Al, and PBAN. The 
objectives of this test were to 
establish a test procedure for 
irradiating SRM components on inert 
samples to prepare for live propellant, 
determine effects of electron radiation 
testing on material properties of 
typical SRM components, and get a 
“first blush” at the effects of radiation 
on SRM materials. At the selected level 
of radiation, there was not observable 
evidence that radiation has significant 
effect on material properties of typical 
SRM materials.
Combined Env ironment  Ef fects  Fac i l i ty  (CEEF)  
Special fixtures were developed to eliminate edging effects on radiation dosage and to 
ensure an even dose over each sample.
In order to ensure an 
even dosage across 
the dog bone samples, 
each set of samples 
was irradiated on one 
side and then flipped 
and irradiated again, 
providing an even 
dosage profile.
1in x 1in Live PLIM Mounted on Sample Plate 3Mrad Live PLIM Mounted on Sample PlateInert PLIM Test Sample on Test Plate
The samples were repackaged 
and shipped to each vendor 
for post radiation tensile, 
ballistic, and peel testing. 
Pathfinder-1
Results
Visual examination showed no change 
in propellant appearance after radiation 
exposure. Drop in density observed  
was within 1% of baseline at all levels 
of radiation exposure. 
Burn rate shows a drop from batch to 
batch variation of 3.5% (black dotted). 
However, some formulations have 
seen batch to batch variation of 8% 
(gray dotted).
SRM bondline is not negatively effected 
by radiation exposure of 6 Mrads or 
lower. There appears to be no adverse 
effect on strength threshold or failure 
modes with radiation exposure. 
Propellant Liner Insulation Matrix 
(PLIM) samples were tested as well as 
Conical Bond-in-Tension samples for 
bondline properties.
Through hazard testing, all propellants 
maintained their established 
thresholds for hazards. This data will 
be of interest of the radiation facilities 
that may irradiate a full scale and/or 
subscale motors for development and 
qualification testing in the future. There 
are no changes in material properties 
significant enough to change hazard 
classification due to radiation exposure.
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